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International System (SI) units are used in this report. Nutrient data in this report are in micromoles per liter (SI unit of concentration is moles per cubic meter) and conversion factors to microgram per liter and moles per cubic meter are also given. The use of brand or trade names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
INTRODUCTION
In order to evaluate the trophic state of an estuary, it is necessary to characterize the inputs of particulate organic nitrogen and carbon by sources other than in-estuary primary production (Smith and Mackenzie, 1987) , including freshwater inflows. The Sacramento River supplies much of the particulate material entering northern San Francisco Bay, (Arthur and Ball, 1979; Krone, 1979) , particularly during winter and spring high-flow periods. To quantify this source, we have measured the concentrations of particulate nitrogen and carbon and suspended particulate matter at Rio Vista on the tidal river. The first part of the study was done in the spring of 1983. The specific conductivity values, and alkalinity, dissolved nutrient and suspended particulate matter concentrations from this study were reported by Harmon and others (1986) . The second part of the study extended from the late fall of 1983 to the late fall of 1984. The specific conductivity values, and alkalinity, dissolved nutrient and suspended particulate matter concentrations from this study were reported by Ota and others (1986) . Acknowledgements Particular thanks go to C.T. Henderson, Rio Vista drawbridge operator, whose sampling skill and dedication made this study possible.
METHODS
Samples were collected from the Sacramento River at Rio Vista, California, approximately 100 km from the Pacific Ocean and about 60 km downstream from the city of Sacramento ( fig. 1 ), between January 3 and May 26, 1983 (first study period) and between October 31, 1983 and November 29, 1984 (second study period). Samples were collected daily or twice daily from the ship-channel span of the highway bridge with a PC-72 sampler, using 1-liter linear polyethylene bottles. The sampler was operated to obtain an integrated sample from approximately 1 meter above the bottom to 1 meter below the surface of the river. More details concerning the sampler are given by Harmon and others (1986) and by Ota and others (1986) . Samples were refrigerated for periods of up to one week before being returned to the laboratory for processing. At times of sample pick-up, replicate samples were collected to test for the effects of this storage, some being returned to the laboratory for immediate processing and one being stored in the refrigerator until the next pick-up.
After the samples arrived at the laboratory, duplicate aliquots of 4 to 100 mL of sample (depending on the perceived suspended sediment concentration) were filtered at about 13 kPa vacuum through precombusted (450°C for 2 to 4 hours) 13 mm glass fiber filters (Gelman Type A/E). Filters were then placed on dry 47mm glass fiber filters to remove residual water, folded, placed in nickel capsules (Perkin-Elmer part number 0240-0643), and stored in a desiccator over Drierite or magnesium perchlorate until analysis.
Analysis was by Perkin-Elmer Model 240C elemental analyzer, equipped with an autosampler. This analyzer combusts the sample at 950 C in an oxygen enriched helium carrier, reduces the combustion products with copper, sequentially removes water and carbon dioxide, and detects carbon dioxide and nitrogen using thermal conductivity detectors. Instrument blanks were run every 5 to 20 samples, and standards (acetanilide) every 15 to 25 samples. Blanks and standards were averaged for each daily run, and sample concentrations calculated as the sample reading minus the instrument zero reading and the instrument blank, divided by the standard factor.
Concentrations were also corrected for the carbon content of the glass fiber filters (filter blanks). During the first sampling period, the median value from analyses of 7 unused filters collected over the period of sampling (1.5 /ig C per filter) was used. During the second sampling period, mean concentrations of three batches of filters were used to correct the carbon concentrations of samples for which that batch of filters was used. Their carbon contents were 6.7 (n=4; one, 15.7, discarded), 8.5 (n=5) and 9.1 (n=8) /ig C per filter. It is not known why there is an apparent increase in carbon content of the filters as the studies proceeded.
The median for the nitrogen filter blanks during the first study was -0.14 /ig N per filter. During the second study, their nitrogen contents were -0.06 (n=5), 0.14 (n=5), and 0.16 (n=8) /jg N per filter. These were considered negligible and not subtracted from the sample readings.
Instrument blanks were stable and low through most of the period of analysis. Carbon blanks rarely varied from the mean value by more than 0.5 /ig C in both study periods. Nitrogen blanks rarely varied by more than 0.3 /ig N in the first study period and 0.4 jug N in the second study period.
Standards were generally very reproducible during both studies ( fig. 2 ). For carbon, the coefficient of variation for the standard factors was 1.0 percent during the first study period, and 1.4 percent during the second study period ( fig. 3a) . For nitrogen, the coefficient of variation for the standard factors was 2.3 percent during the first study period and 3.8 percent during the second study period ( fig. 3b ). There was no apparent trend with time in the factors.
Standard factors for carbon were relatively independent of the weight of the standard, with the slight upward tailing at the low weight end ( fig. 4a ) attributed to the filter blank of the glass fiber filter used to hold the standard in the capsule. There was a slight dependence of the standard factor for nitrogen on the weight of the standard ( fig. 4b ). If this trend is due to the instrument and not the standard itself, this could lead to nitrogen concentrations being slightly over-estimated (worst case, less than 10 percent; typical, about 4 percent) during these studies.
The concentration of suspended particulate matter (SPM) in each sample was measured gravimetrically. Sediment was collected on pre-weighed 47mm silver filters (Selas Flotronics FM-47), air dried and then reweighed. No replicates were taken in the first study, but the pooled standard deviation of 32 replicates in the second study was 1.4 mg/L, giving a coefficient of variation of 5.7 percent.
FACTORS THAT MAY AFFECT RESULTS
Effects of storage on samples There is no clear pattern in comparisons of the particulate carbon (PC) concentrations of the fresh and stored samples ( fig. 5a ) or in the particulate nitrogen (PN) concentrations ( fig. 5b) . If the changes were caused by consumption and respiration of the particulate organic material or bacterial growth on the particulate organic material, stored samples would tend to have lower C:N ratios. Plots of the C:N ratios of the stored samples as compared with those of the fresh samples ( fig. 5c ) also show little consistent evidence for biologically-caused changes. Harmon and others (1986) and Ota and others (1986) also showed that dissolved ammonium concentrations changed very little during storage of these samples. Plots of the suspended particulate matter (SPM) concentrations in samples processed on the day of sampling (fresh) and samples stored under refrigeration for up to 1 week before processing (stored) (not shown) suggest that not much variation was introduced by having used separate samples rather than a split of a single sample for this test. Although subtle changes might have gone undetected, it does not seem that there was any substantial degradation of the samples during storage.
Replication
In the first study period, there is a slight trend toward the second set of replicates being consistently higher than the first (Model II linear regression slope [95 percent confidence limits] 1.09 -1.21). For nitrogen, there is also a small trend toward higher concentrations in the second replicate during the first study (slope, 1.02 -1.09). Whether these differences have any significance is uncertain. During the second study period, no significant differences were seen (C slope, 0.94-1.14; N slope, 0.93 -1.09).
Average deviations of duplicate samples for carbon were 8.2 percent during the first study period and 10.7 percent during the second study period. Median deviations were 5.4 percent for the first study period and 8.9 percent for the second ( fig. 6 ). For nitrogen, average deviations were 7.6 percent for the first sampling period and 9.6 percent for the second. Median deviations were 4.9 percent during the first study period and 7.2 percent during the second ( fig. 7) .
The effects of aliquot size on replication are shown in figure 8 for carbon and figure 9 for nitrogen. There is no clear relation between filtration of low volumes of water and differences between duplicates.
Possible contamination It is possible that the samples from the first study prior to January 29, 1983 were contaminated with oil from a nearby vacuum pump. Tests on filters deliberately exposed to the pump exhaust showed that this would affect carbon, but that nitrogen in the exhaust was below detection. To check the possibility that such contamination occurred, C : N ratios are plotted against sampling date in figure lOa. Although the very early data look suspect, typical C : N ratios began appearing as early as January 18. Another possible indicator of this contamination is a comparison of the replication data for carbon with those for nitrogen. The average difference between replicates for the period in question was 20.9 percent for carbon and 21.5 percent for nitrogen. Compared with the average differences for the whole first study (8.2 percent for carbon and 7.6 percent for nitrogen), there does not seem to be any support for the carbon contamination hypothesis. Therefore, although the samples prior to January 29 are suspect, they cannot be discarded. The relatively small volumes of water filtered and consequent low masses of carbon on the filters ( fig. lOb) prior to January 29 would have made any kind of contamination (for example, filter blanks) more of a problem in these earliest samples. The earliest filter blanks were the most poorly characterized in these studies.
Particulate inorganic carbon
No direct estimates of the fraction of the measured PC that is particulate inorganic carbon (PIC) were made during these studies. However, we have recently estimated the concentration of PIC in a sample of water taken at Rio Vista on January 27, 1993. Aliquots of the sample (about 180 mL per replicate) were filtered onto precombusted 47 mm GF/C filters. The filters were rinsed with 10 to 15 mL of distilled water, folded and placed into 20 mL glass scintillation vials, and air dried. Just prior to analysis, 10 mL of distilled water was added, and each filter disaggregated. Analysis involved addition of 0.1 mL of 10 percent phosphoric acid, and measurement of the quantity of carbon dioxide released with a Beckman Model 864 Infrared Analyzer. Standards were solutions of sodium bicarbonate. Blanks were run on unused filters.
We found 9.9 +/-0.8 //M inorganic carbon (95 percent confidence limit, n = 5) in the sample, which contained 202.6 +/-1.3 mg/L (mean deviation, n = 2) of SPM. Concentrations of PC in samples from the two studies reported here which had concentrations of SPM in the range of 198 to 208 mg/L were typically 212 //M. Thus, PIC would have constituted less than 5 percent of the PC in the samples from these studies if these samples were similar to that used in the test. Further measurements of PIC over a range of environmental conditions are warranted.
DATA TABLES
A list of the variables for which data are reported is given as table 1. In it are also given the abbreviations used in the data tables and units for each variable. The data are presented in tables 2 and 3. In each table, the date and time of sampling, the sample identifier, and the measured concentrations of SPM and the two replicates for PN and the two replicates for PC are presented. Not all of the PC and PN samples from the second study were analyzed, and they remain in desiccated storage. The table distinguishes between these samples and samples for which no value can be obtained.
The SPM data are the same as those presented by Harmon and others (1986) and Ota and others (1986) , except that they did not present values for the stored replicates. Also, there were four instances where Ota and others (1986) used a different rounding protocol on the means of duplicated samples, and one typographical error (June 13, 1984, 1115 h. was given as 334.6 mg/L; correct value 34.6 mg/L). o^ ° § 0 :
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